SEMICONDUCTOR PHYSICAL QUANTITY SENSOR 



Field of the Invention 

[0001] The present invention relates to a semiconductor physical quantity sensor, such as a pressure 
sensor or an acceleration sensor, that is used for automobiles, medical or industrial applications. 

Background 

[0002] The increasing number, density, and power of various advanced control systems within vehicles, 
and of electric or electromagnetic radiation associated with the communications needs of the advanced 
information-oriented society, has led to increasing electrical noise in the environment. Pressure, acceleration, 
and other sensors are mostly configured to amplify fine signals and are thus likely to be affected by this noise. 
Accordingly, there has been great a demand for improvements in the noise resistance of electronic components 
for use in automobiles, medical devices and other industrial sensors. 

[0003] Specific defects in sensors caused by noise include destruction of elements associated with static 
electricity or overvoltage and malfunctioning of sensor signals induced by radiating or propagating noise. 
Measures are required to prevent these defects. 

[0004] For example, as shown in Fig. 7, conventional pressure sensors are structured to prevent 
radiating and propagating noise. In such pressure sensors, a metal-can-shaped metal cap 64 blocks potential 
external radiating noise to prevent a pressure sensor chip 61 mounted on a glass pedestal 62 from being 
affected thereby. Further, a penetrating capacitor 66 of about 1 to 10 nF or the like is mounted in terminal 
portions (a pressure introducing pipe 63 and a metal stem 65) to remove propagating noise therefrom. With a 
conventional structure consisting of such a can type package, however, the metal cap 64 and the penetrating 
capacitor 66 increase the expense of the sensor. 

[0005] Further, in a conventional pressure sensor consisting of a resin type package as shown in Fig. 8, 
a metal plate 74 is embedded in an outer case of a resin to protect a pressure sensor chip 71 on a glass pedestal 
72 from radiating noise, or a penetrating capacitor is mounted on an external substrate 75 to remove 
propagating noise from a terminal (socket 76). Even in such conventional case configurations, however, the 
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provision of the additional parts, that is, the metal plate 74 and the penetrating capacitor, increases the expense 
of the sensor. 

[0006] Still further, a pressure sensor circuit constructed using a CMOS process requires multiple 
digital-regulating terminals. In most cases, these terminals are connected to an external device by wire 
bonding, and thus act as paths through which extraneous noise may enter the sensor, thereby degrading noise 
resistance capability. 

[0007] It would therefore be desirable to provide a semiconductor physical quantity sensor that can, at 
relatively modest expense, provide significantly improved resistance to extraneous noise. 

Summary of the Invention 
[0008] The present invention provides a semiconductor physical quantity sensor that converts digital 
data into analog data for digital trimming in response to a signal from a sensor circuit indicating that an analog 
quantity has been detected, the semiconductor physical quantity sensor characterized in that, of digital 
input/output pads that have undergone digital trimming in order to obtain a predetermined output, pads that 
have been pulled down to a ground inside a semiconductor chip, and a ground pad are electrically connected to 
a ground terminal outside the semiconductor chip and pads that have been pulled up to a power supply inside a 
semiconductor chip and a power supply pad are electrically connected to a power supply terminal outside the 
semiconductor chip. 

[0009] Further, the semiconductor physical quantity sensor of the present invention is characterized in 
that with respect to the digital input/output pads that have undergone digital trimming in order to obtain a 
predetermined output, the connections between the pads that have been pulled down inside the semiconductor 
chip and the ground terminal as well as the connections between the pads that have been pulled up inside the 
semiconductor chip and the power supply terminal are each established by electrically connecting the terminals 
together on a package. 

[0010] Furthermore, the semiconductor physical quantity sensor of the present invention is 
characterized in that with respect to the digital input/output pads that have undergone digital trimming in order 
to obtain a predetermined output, the connections between the pads that have been pulled down inside the 
semiconductor chip and the ground terminal as well as the connections between the pads that have been pulled 



up inside the semiconductor chip and the power supply terminal are each established by an electric connection 
on a mounting substrate. 

[001 1] Moreover, the semiconductor physical quantity sensor of the present invention is characterized 
in that as a layout on the semiconductor chip, of the digital input/output pads, the pads that have been pulled 
down inside the semiconductor chip are arranged closer to the ground pad, and the pads that have been pulled 
up inside the semiconductor chip are arranged closer to the power supply pad. 

[0012] In this case, the semiconductor physical quantity sensor is characterized in that said 
semiconductor physical quantity sensor is a pressure or an acceleration sensor of a semiconductor strain gauge 
type. 

[0013] The present invention provides a semiconductor physical quantity sensor characterized in that a 
semiconductor chip is placed on either a resin case or a substrate via a pedestal, and both first pads in the 
semiconductor chip which are to be pulled down and a ground pad are electrically connected to the ground 
outside the semiconductor chip. 

[0014] In this case, second pads in the semiconductor chip which are to be pulled up and a power 
supply pad are electrically connected to a power supply outside the semiconductor chip. 

[0015] The present invention provides a semiconductor physical quantity sensor characterized in that a 
semiconductor chip is placed on either a resin case or a substrate via a pedestal, and both second pads in the 
semiconductor chip which are to be pulled up and a power supply pad are electrically connected to a power 
supply outside the semiconductor chip. 

[0016] The present invention provides a semiconductor physical quantity sensor characterized in that a 
semiconductor chip is placed on a resin case via a pedestal, the resin case in which lead frames are 
insert-molded, in that within the resin case are formed both a ground-connecting external wire through which a 
ground pad of the semiconductor chip and first pads to be pulled down are electrically connected and an 
power-supply-connecting external wires through which a power supply pad of the semiconductor chip and 
second pads to be pulled up are electrically connected, and in that the ground-connecting external wire is 
connected to a ground lead frame, whereas the power-supply-connecting external wire is connected to a power 
supply lead frame. 



[0017] In this case, the ground-connecting external wire and the power-supply-connecting external wire 
are each connected to the corresponding lead frames outside the resin case. 

[001 8] Further, the ground-connecting external wire and the ground lead frame are integrated, as are the 
power-supply-connecting external wire and the power supply lead frame. 

[0019] The present invention provides a semiconductor physical quantity sensor characterized in that a 
conductor pattern for ground connections, a conductor pattern for power supply connections, and an output 
conductor pattern are formed on a substrate, in that lead frames corresponding to a ground pad of a 
semiconductor chip placed on a resin case and first pads thereof which are to be pulled down are connected to 
the conductor pattern for ground connections, and in that lead frames corresponding to a power supply pad of 
the semiconductor chip and second pads thereof which are to be pulled up are electrically connected to the 
conductor pattern for power supply connections, and an output lead frame corresponding to an output pad of 
the semiconductor chip is electrically connected to the output conductor pattern. 

[0020] According to the present invention, the above configuration improves the noise resistance of a 
semiconductor physical quantity sensor that converts digital data into analog data for digital trimming in 
response to a signal from a sensor circuit indicating that an analog quantity has been detected. Further, 
according to the present invention, a semiconductor physical quantity sensor having high noise resistance can 
be implemented on a package. Furthermore, according to the present invention, a semiconductor physical 
quantity sensor having high noise resistance can be implemented on a mounting substrate. Moreover, 
according to the present invention, a semiconductor physical quantity sensor having high noise resistance can 
be easily implemented. 

Brief Description of the Drawings 

[0021] The invention will now be described with reference to certain preferred embodiments thereof 
and the accompanying drawings, wherein: 

Fig. 1 is a top view showing an arrangement of pads of a semiconductor sensor chip for use in each 
embodiment of the present invention; 

Fig. 2 is a top view showing a configuration of a semiconductor physical quantity sensor according to a 
first embodiment of the present invention; 



Figs. 3(A) and 3(B) are a top view and a sectional view showing a configuration of a semiconductor 
physical quantity sensor according to a second embodiment of the present invention; 

Figs. 4(A) and 4(B) are a top view and a sectional view, respectively, showing a configuration of a 
semiconductor physical quantity sensor according to a third embodiment of the present invention; 

Fig. 5 is a top view showing a configuration of a semiconductor physical quantity sensor according to a 
fourth embodiment of the present invention; 

Figs. 6(A) and 6(B) are graphs showing the results of a test (electric field strength: 200 V/m) obtained 
before the present invention is implemented and the results of a test (electric field strength: 200 V/m) obtained 
after the present invention is implemented, respectively; 

Fig. 7 is a sectional view showing an example of a conventional pressure sensor; and 

Fig. 8 is a sectional view showing another example of a conventional pressure sensor. 

Detailed Description of the Preferred Embodiments 

[0022] Fig. 1 shows a configuration of a semiconductor sensor chip used for a semiconductor physical 
quantity sensor used in each of the embodiments of the present invention described later. In Fig. 1, a 
semiconductor chip 1 1 has a sensor section 12 (that has, for example, a strain gauge formed on a pressure 
detecting diaphragm (not shown)), a processing circuit processing outputs from the strain gauge, and pads 13 
to 17, all of which are formed on the chip. 

[0023] The pads 13 to 17 include a digital trimming pad 13 of a power supply pull-up type, a digital 
trimming pad 14 of a power supply pull-down type, a power supply pad (Vcc) 15, a sensor output signal pad 
(Vout) 16, and a ground pad (GND) 17. Like semiconductor sensor chip 1 1, the pads are divided into two 
groups: a group 18 of pads (pads 13 and 15) connected to a power supply outside the semiconductor sensor 
chip 1 1 and a group 19 of pads (pads 14 and 17) connected to a ground outside the semiconductor sensor chip 
11. 

[0024] In the semiconductor sensor chip 1 1 , the digital trimming pad 13 of a power supply pull-up type 
is pulled up to the power supply (normally high). Further, the digital trimming pad 14 of a power pull-down 
type is pulled down to the ground (normally low). In the semiconductor sensor chip 1 1, the digital trimming 
pad 13 of a power supply pull-up type and the digital trimming pad 14 of a power supply pull-down type are 



thus electrically connected to a power supply voltage and to a ground potential, respectively. Then, these 
potentials are fixed to improve the noise resistance capability. 

[0025] In the semiconductor sensor chip 1 1, the digital trimming pad 13 of a power supply pull-up type 
is arranged closer to the power supply pad 15. This pad arrangement facilitates the digital trimming pad 13 of 
a power supply pull-up type to be electrically connected to the power supply together with the power supply 
pad 15 using a power-supply-connecting external wire (not shown) located outside the semiconductor chip 11. 

[0026] Further, in the semiconductor sensor chip 1 1, the digital trimming pad 14 of a power supply 
pull-down type is arranged closer to the ground pad 17. Such a pad arrangement facilitates the electrical 
connection of the digital trimming pad 14 of a power supply pull-down type to the ground (GND), together 
with the ground pad 17 using a ground-connecting external wire (not shown) located outside the 
semiconductor chip 11. 

[0027] The above pad arrangement facilitates electric connections outside semiconductor sensor chip 1 1, 
thereby simplifying sheathing parts to reduce costs, while avoiding a complicated sheathing process. Further, 
the pad groups 18 and 19 are each connected to the power-supply-connecting and ground-connecting external 
wires, respectively, thereby improving noise resistance capabilities. 

[0028] The numbers enclosed by circles in Fig. 1 are added to allow easy grasp of correspondence to 
other figures. Reference numeral 1 denotes the ground pad (GND), 2 is the power supply pad (Vcc), 3, 4, and 
5 are the digital trimming pads of a power supply pull-down type, 6 and 7 are the digital trimming pads of a 
power supply pull-up type, and 8 is the sensor signal outputting pad (Vout). 

[0029] Fig. 2 shows a configuration of a semiconductor physical quantity sensor 20 according to a first 
embodiment of the present invention. A semiconductor sensor chip 21 in Fig. 2 is equivalent to the 
semiconductor sensor chip 1 1 , shown in Fig. 1 . In this example, a resin case 25 having the semiconductor 
sensor chip 21 accommodated therein is provided with a ground-connecting external wire 29 and a 
power-supply-connecting external wire 28. Using these connecting external wires 28 and 29, portions to be 
pulled down and up are connected to the ground-connecting conductor 29 and the power-supply-connecting 
conductor 28, respectively. 

[0030] The resin case 25 has eight lead frames 27: that is, four on each side thereof (the lead frames are 
denoted by 27-1 to 27-8; the one corresponding to the "ground-connecting pad 1" is denoted by "27-1") and 



the ground-connecting and power-supply-connecting external wires 29 and 28, each of which is insert-molded 
therein. Reference numeral 24 denotes a portion of the lead frame 27 that penetrates the resin case 25 and is 
exposed to the interior thereof (this portion will be hereafter referred to as an "internal exposed portion 24" 
and for example, the one corresponding to the "ground pad 1" is denoted by "24-1". 

[003 1] The power-supply-connecting external wire 28 is arranged close to those of the pads formed 
within the resin case 25 and on the semiconductor sensor chip 21 which are connected to the power supply, 
that is, the pads 2, 6, and 7. 

[0032] The ground-connecting external wire 29 is arranged close to those of the pads formed within the 
resin case 25 and on the semiconductor sensor chip 21, which are connected to the ground, that is, the pads 1, 
3, 4, and 5. 

[0033] Part of each of the connecting external wires 28 and 29 - for example, the opposite ends thereof 
- are molded in the resin case 25 and insulated from the lead frames 27. 

[0034] An accommodating section of the resin case 25 has a glass pedestal (not shown) bonded thereto 
using an adhesive - for example, an epoxy- or a silicone-based one - on which the semiconductor sensor chip 
21 is placed. The pads of the semiconductor sensor chip 21 are wire-bonded and electrically connected to the 
internal exposed portions 24 of the corresponding lead frames using, for example, aluminum wires 26. 

[0035] The internal exposed portions 24-3, 24-4, and 24-5, corresponding to the ground pad 1 of the 
semiconductor sensor chip 21 and the digital trimming pads 3, 4, and 5 of a power supply pull-down type 
which are to be pulled down to the ground, are wire-bonded and electrically connected to the 
ground-connecting external wire 29 using aluminum wires 26. 

[0036] The internal exposed portions 24-2, 24-6, and 24-7, corresponding to the power supply pad 2 of 
the semiconductor sensor chip 21 and the digital trimming pads 6 and 7 of a power supply pull-up type which 
are to be pulled up to the power supply are wire-bonded and electrically connected to the 
power-supply-connecting external wire 28 using aluminum wires 26. Sensor outputs are obtained from the 
lead frame 27-8, corresponding to the sensor output signal pad 8. 

[0037] The ground-connecting external wire 29, the power-supply-connecting external wire 28, and the 
lead frame 27 are composed of materials such as bronze phosphorous, 42 alloy, or iron-nickel. 



[0038] The resin case 25 is formed of materials such as an epoxy resin or PPS (polypheny lene sulfide). 
These resins serves to reduce the thermal stress placed on the semiconductor sensor chip 21. 

[0039] An operation of the semiconductor physical quantity sensor 20 comprises applying a power 
supply voltage between the power supply lead frame 27-2 and the ground lead frame 27-1, converting (for 
example) a pressure detected by a sensor section 22 of the semiconductor sensor chip 21 into an electric signal, 
and processing this signal in the processing circuit to output the processed signal from the pad 8 via the lead 
frame 27-8. 

[0040] The adjustment of outputs from the semiconductor physical quantity sensor 20 is now described. 
The (eight) pads of the semiconductor sensor chip 21 are wire-bonded and electrically connected to the 
corresponding internal exposed portions 24. To obtain a predetermined output from the semiconductor 
physical quantity sensor, adjustment quantities are written, through the digital trimming lead frames 27-3 to 
27-7, to an EPROM or the like, which is built into the semiconductor sensor chip 21 for electrical adjustment. 
Following this adjustment, to fix the digital trimming pads 6 and 7 of a power supply pull-up type at the power 
supply potential outside the semiconductor sensor chip 21, the internal exposed portions 24-6 and 24-7 are 
wire-bonded to the power-supply-connecting external wire 28. Further, to fix the digital trimming pads 3, 4, 
and 5 of a power supply pull-down type at the potential outside the semiconductor sensor chip 21, the internal 
exposed portions 24-3, 24-4, and 24-5 are wire-bonded to the ground-connecting external wire 29. 

[004 1 ] In this configuration, the potential of the digital trimming pads is fixed at the power supply 
potential or the ground potential outside the semiconductor sensor chip 21 . Accordingly, even if the sensor is 
subjected to noise, the potential of the pads is constrained from varying, thereby preventing the semiconductor 
physical quantity sensor 20 from malfunctioning. 

[0042] Furthermore, the ground-connecting external wire 29 can be integrated with the ground lead 
frame 27-1, while the power-supply-connecting external wire 28 can be integrated with the power supply lead 
frame 27-2. Such integration also prevents malfunctions. 

[0043] Fig. 3 shows a configuration in which a semiconductor physical quantity sensor 30 according to 
a second embodiment of the present invention is accommodated in a sheathing resin case. 

[0044] The semiconductor physical quantity sensor 30 corresponds to the semiconductor physical 
quantity sensor 20 shown in Fig. 2, which has the power-supply-connecting and ground-connecting external 
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wires 28 and 29 disposed outside the resin case 25 rather than inside it (this is an example in which 
dimensional or assembly restrictions hinder the power-supply-connecting and ground-connecting external 
wires 28 and 29 from being incorporated into the resin case 25). 

[0045] That is, in Fig. 3, the semiconductor physical quantity sensor 30 comprises a resin case 35 
having eight lead frames 37, that is, four on each side thereof (the lead frames are denoted by 37-1 to 37-8; the 
one corresponding to the "ground pad 1" is denoted by "37-1"), a semiconductor sensor chip 31 
accommodated in an accommodating section of the case 35 via a glass pedestal 32, wires 36 each connecting a 
pad of the semiconductor sensor chip 31 to an internal exposed portion of a corresponding lead frame 37, a 
power-supply-connecting external wire 38 connecting to lead frames 37-1, 37-3, and 37-4 outside the resin 
case 35, and a ground-connecting external wire 39 connecting to lead frames 37-1, 37-3, 37-4, and 37-5 
outside the resin case 35. 

[0046] The power-supply-connecting and ground-connecting external wires 38 and 39 are disposed 
outside the resin case 35 and formed along a surface of the resin case 35 opposite the surface thereof on which 
the semiconductor sensor chip 3 1 is mounted. The connecting external wires 38 and 39 may or may not be in 
contact with the resin case 35. 

[0047] The adjustment of outputs from the semiconductor physical quantity sensor 30 is now described. 
The pads of the semiconductor sensor chip 3 1 are wire-bonded and electrically connected to the internal 
exposed portions of the corresponding lead frames 37. To obtain a predetermined output from the 
semiconductor physical quantity sensor, adjustment quantities are written, through the digital trimming lead 
frames 37-3 to 37-7, to an EPROM or the like, which is built into the semiconductor sensor chip for electrical 
adjustment. After this adjustment, to fix the digital trimming pads 6 and 7 of a power supply pull-up type at 
the power supply potential outside the resin case 35, the power-supply-connecting external wire 38 is 
electrically connected to the lead frames 37-2, 37-6, and 37-7. Further, to fix the digital trimming pads 3, 4, 
and 5 of a power supply pull-down type at the ground potential outside the resin case 35, the 
ground-connecting external wire 39 is electrically connected to the lead frames 37-1, 37-3, 37-4, and 37-5. 

[0048] In Fig. 3, the sensor comprises a sheathing resin case 34 having a connector terminal 70 
(composed of a power supply terminal, a ground terminal, and an output terminal) insert-molded therein, an 
accommodating section for the resin case, and in this case an introduction hole 100 through which pressure is 



introduced. The sheathing resin case 34 is formed of (for example) a nylon-based resin or PBT (polybutylene 
telephthalete). Further, the connector terminal 70 is formed of bronze phosphorous, 42 alloy, or iron-nickel. 

[0049] The resin case 35 is bonded to the accommodating section of the sheathing resin case 34 using 
an adhesive, (for example), one based on silicone or epoxy. The semiconductor sensor chip 3 1 in the resin 
case 35 is positioned opposite the introduction hole 100. 

[0050] Of the lead frames 37 of the resin case 35, the one 37-1 wire-bonded and connected to the 
ground pad 1 of the semiconductor sensor chip 31 is connected to the power supply terminal of the connector 
terminal 70. Likewise, the lead frame 37-2 connected to the power supply pad 2 is connected to the ground 
terminal of the connector terminal 70, and the lead frame 37-8 connected to the sensor signal outputting pad 8 
is connected to the output terminal of the connector terminal 70. 

[005 1] A sheathing resin cover 33 is bonded to the sheathing resin case 34 using an adhesive, (for 
example), one based on silicone or epoxy. 

[0052] In the connector terminal 70, connected portions of the power supply terminal and ground 
terminal are each composed of three layers including the terminal 70, the lead frame 37, and the connecting 
external wire 38 (or 39), whereas a connected portion of the output terminal therein is composed of the output 
terminal and the lead frame 37. The other connected portions are each composed of the lead frame 37 and the 
connecting external wire 38 (or 39). These connected portions are connected by soldering or welding. 

[0053] In this configuration, the potential of the digital trimming pads is fixed at the power supply 
potential or ground potential outside the semiconductor sensor chip 31 (also outside the resin case 35). 
Consequently, even if the sensor is subjected to noise, the potential of the pads is constrained from varying, 
thereby preventing the semiconductor physical quantity sensor 30 from malfunctioning. 

[0054] Fig. 4 shows a configuration in which a semiconductor physical quantity sensor 40 according to 
a third embodiment of the present invention is accommodated in a sheathing resin case. 

[0055] The semiconductor physical quantity sensor 40 in Fig. 4 is similar to the semiconductor physical 
quantity sensor 30 shown in Fig. 3. That is, in Fig. 4, the semiconductor physical quantity sensor 40 
comprises a resin case 45 having eight lead frames 37, that is, four on each side thereof (the lead frames are 
denoted by 47-1 to 47-8; the one corresponding to the "ground pad 1" is denoted by "47-1"), a semiconductor 
sensor chip 41 accommodated in an accommodating section of the case 45 via a glass pedestal 42, aluminum 
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wires 46 each connecting a pad of the semiconductor sensor chip 41 to an internal exposed portion of a 
corresponding lead frame 47, a power-supply-connecting external wire 48 electrically connecting to lead 
frames 47-2, 47-6, and 47-7 outside the resin case 45, and a ground-connecting external wire 49 electrically 
connecting to lead frames 47-1, 47-3, 47-4, and 47-5 outside the resin case 45. 

[0056] The power-supply-connecting and ground-connecting external wires 48 and 49 are disposed 
outside the resin case 45 and in this case are formed in a sheathing resin case 44. 

[0057] The adjustment of outputs from the semiconductor physical quantity sensor 40 is now described. 
The pads of the semiconductor sensor chip 41 are wire-bonded and electrically connected to the internal 
exposed portions of the corresponding lead frames 47. To obtain a predetermined output from the 
semiconductor physical quantity sensor, adjustment quantities are written, through the digital trimming lead 
frames 47-3 to 47-7, to an EPROM or the like, which is built into the semiconductor sensor chip 41 for 
electrical adjustment. After this adjustment, to fix the digital trimming pads 6 and 7 of a power supply 
pull-up type at the power supply potential outside the resin case 45, the power-supply-connecting external wire 
48 is electrically connected to the lead frames 47-2, 47-6, and 47-7. Further, to fix the digital trimming pads 3, 
4, and 5 of a power supply pull-down type at the ground potential outside the resin case 45, the 
ground-connecting external wire 49 is electrically connected to the lead frames 47-1, 47-3, 47-4, and 47-7. 

[0058] With reference to Fig. 4, the configuration in which the semiconductor physical quantity sensor 
40 is accommodated in the sheathing resin case 44 is now described. The sheathing resin case 44 has a 
power-supply-connecting conductor 48A formed by integrating a power supply terminal of a connector 
terminal 80 and the power-supply-connecting external wire 48, a ground-connecting conductor 49A formed by 
integrating a ground terminal of the connector terminal 80 and the ground-connecting external wire 49, and an 
output terminal of the connector terminal 80, each of which is insert-molded in the case. Furthermore, as in 
the case illustrated in Fig. 3, the sheathing resin case 44 is provided with an accommodating section for the 
resin case and an introduction hole 1 10 through which pressure is introduced. Further, the connecting 
conductors 48 A and 49A are formed of materials such as bronze phosphorous, 42 alloy, or iron-nickel. 

[0059] The resin case 45 is bonded to the accommodating section of the sheathing resin case 44 using 
an adhesive, (for example), one based on silicone or epoxy. The semiconductor sensor chip 41 in the resin 
case 45 is positioned opposite the introduction hole 110. 
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[0060] A sheathing resin cover 43 is bonded to the sheathing resin case 44 using an adhesive, (for 
example), one based on silicone or epoxy. 

[0061] Of the lead frames 47 of the resin case 45, the lead frames 47-2, 47-6, and 47-7 are connected to 
the power-supply-connecting external conductor 48A. Likewise, the lead frames 47-1 , 47-3, 47-4, and 47-5 
are connected to the ground-connecting conductor 49A, while the lead frame 47-8 is connected to the output 
terminal. These connected portions are each composed of two layers including the connecting external 
conductor 48A (or 49A) and the lead frame 47, which are connected by soldering or welding, 

[0062] In this configuration, the potential of the digital trimming pads is fixed at the power supply 
potential or ground potential outside the semiconductor sensor chip 41 (also outside the resin case 45). 
Consequently, even if the sensor is subjected to noise, the potential of the pads is constrained from varying, 
thereby preventing the semiconductor physical quantity sensor 40 from malfunctioning. 

[0063] Fig. 5 shows a configuration in which a semiconductor physical quantity sensor 50 according to 
a fourth embodiment of the present invention is mounted on a substrate. 

[0064] The semiconductor physical quantity sensor 50 in Fig. 5 is similar to the semiconductor physical 
quantity sensor 30 shown in Fig. 3 . That is, in Fig. 5 (a semiconductor sensor chip 5 1 , wires 56, or internal 
exposed portions of lead frames 57 in a resin case 55 are not illustrated), the semiconductor physical quantity 
sensor 50 comprises a resin case 55 having eight lead frames 57, that is, four on each side thereof (the lead 
frames are denoted by 57-1 to 57-8; the one corresponding to the "ground pad 1" is denoted by "57-1"), the 
semiconductor sensor chip 51 accommodated in an accommodating section of the case 55 via a glass pedestal, 
the aluminum wires 56 each connecting a pad of the semiconductor sensor chip 51 to the internal exposed 
portion of the corresponding lead frame 57, a power-supply-connecting conductor 58A connecting to lead 
frames 57-2, 57-6, and 57-7 outside the resin case 55, and a ground-connecting conductor 59A connecting to 
lead frames 57-1, 57-3, 57-4, and 57-5 outside the resin case 55. 

[0065] The power-supply-connecting and ground-connecting conductors 58A and 59A are disposed 
outside the resin case 55, and in this case formed on a substrate 200. 

[0066] In Fig. 5, a substrate 200 (for example, a glass epoxy resin substrate, a ceramic substrate, or the 
like) has a power-supply-connecting conductor 58A comprising a power supply and a 
power-supply-connecting external wire integrated, a ground-connecting conductor 59A comprising a ground 
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and a ground-connecting external wire integrated, and a sensor output conductor 90, the conductors being 
formed on the substrate in different predetermined patterns. The power-supply-connecting external conductor 
58A, ground-connecting external conductor 59A, and sensor output conductor 90 on the substrate 200 have 
through-holes 210 formed at locations corresponding to the respective lead frames 57 of the resin case 55. 
The lead frames 57 of the resin case 55 are folded, inserted into the corresponding through-holes 210 formed 
in the substrate 200, and then soldered. 

[0067] The adjustment of outputs from the semiconductor physical quantity sensor 50 is now described. 
The pads of the semiconductor sensor chip 51 are wire-bonded and electrically connected to the internal 
exposed portions of the corresponding lead frames 57. To obtain a predetermined output from the 
semiconductor physical quantity sensor 50, adjustment quantities are written, through the digital trimming lead 
frames 57-3 to 57-7, to an EPROM or the like, which is built into the semiconductor sensor chip 51 for 
electrical adjustment. After this adjustment, to fix the digital trimming pads 6 and 7 of a power supply 
pull-up type at the power supply potential outside the resin case 55, the lead frames 57-2, 57-6, and 57-7 are 
electrically connected to the power-supply-connecting external wire 58A, formed on the substrate 200. 
Further, to fix the digital trimming pads 3, 4, and 5 of a power supply pull-down type at the ground potential 
outside the resin case 55, the lead frames 57-1, 57-3, 57-4, and 57-5 are electrically connected to the 
ground-connecting external wire 59A, formed on the substrate 200. 

[0068] In this configuration, the potential of the digital trimming pads is fixed at the power supply 
potential or ground potential outside the semiconductor sensor chip 5 1 (also outside the resin case 55). 
Consequently, even if the sensor is subjected to noise, the potential of the pads is constrained from varying, 
thereby preventing the semiconductor physical quantity sensor 50 from malfunctioning. 

[0069] In this example, the substrate 200 has the through-holes 2 1 0 formed therein, but the lead frames 
57 may be electrically connected to the power-supply-connecting external wire 58A, ground-connecting 
external wire 59 A, and sensor output conductor 90 without any through-holes 210 by folding the ends of the 
lead frames 57. 

[0070] Fig. 6(A) shows the results of an EMI test on a conventional pressure sensor using an electric 
field strength of 200 V/m. Fig. 6(B) shows the results of an EMI test on a pressure sensor for which the present 
invention has been implemented, the test also using an electric field strength of 200 V/m. 
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[0071] Figs. 6 indicate that the present invention significantly reduces the magnitude of variations in the 
output of the sensor under a field emission having an electric field strength of 200 V/m. It is thus ascertained 
that the present invention dramatically improves resistance to extraneous noise. 

[0072] In the illustrated embodiments, the semiconductor sensor chip has eight pads. One of the pads 
is used for the power supply and one for the ground, and two are the digital trimming pads 13 of a power 
supply pull-up type, while the remaining three are the digital trimming pads 14 of a power supply pull-down 
type. However, the present invention is not limited to these number of pads. 

[0073] Further, the semiconductor sensor chips are shown to be of a semiconductor strain gauge type. 
However, the present invention is not limited to these chips; an electrostatic capacity or a cantilever type or 
other various semiconductor sensor chips may be used as well. 

[0074] As described above, according to the present invention, the resistance to extraneous noise can be 
dramatically improved by significantly reducing the magnitude of variations in the output of the sensor under a 
field emission having, for example, an electric field strength of 200 V/m, to within 20 mV. Further, the 
present invention provides a relatively inexpensive, accurate, and reliable semiconductor physical quantity 
sensor. 
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